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The present invention involves the confinement of light taken over the width of the depletion region. In all cases, the 

into silicon waveguides with very narrow dimensions (for integral may be reduced to: 
example, height<l um, width- 1 um). The tight confinement 

of light enables the fabrication of detectors with very small q(\ - R)pi„x _ arf 

dimensions. The narrow waveguide geometry also relaxes 5 he * 
the limitation associated with the prior art large area 
detectors, such as the prior art arrangement of FIG. 1. 

Material defects such as threading dislocations and small where R 1S ^ reflection at the interface of the waveguide 

grain size adversely affect of the performance of the prior art md detector. A near-IR wavelength light with fc=1.55 

detector. Techniques of the thin-film transistor industry, such in ^> =1 / W ™ d °^ 10 ; cn ? re ? ults «* 1 ^ of current for 

as cyclic annealing and laser annealing, can be used to 10 a 10 ^ long detector to i the : pnor art, conventional dark 

improve the quality of the r^ly-germanium material for cunen * on * e or ^ °f 10 **** f ? r 

better electrical and optical pWformance. Appropriate pro- ^ ^dence detectors, such as that shown in FIG. 1. In 

~ 1 a • *i: * *z T F • contrast, the expected dark currents for the poly-germanium- 

cess control during the formation of the poly-germanium u , -Vj * * r ^ \ • , 

A . 4 r * V * ■ ,i ? iT • 1- based waveguide detectors of the present invention (-10 

detector of the present invention allows for changing the ^ 2x ^ * r 1 * 1 - , . , 

r . « « « « ,. , B . 6 15 unr) are on the order of 1 nA, resulting in a higher 

dimensions of gram size and threading dislocations to signal-to-noise ratio 

improve detector performance in terms of lower dark \^ " _ , *,__,. r A . 

~J™* ; j - rf , Vi- u Vm 1x3 most of the embodiments of the present invention, 

current, increased earner lifetime and higher mobility. . , , .„ . 

— . . t ! 6 , " f . waveguide layer 16 will compnse one of three geometries: 

The poly-germanium material can also be doped with (1) ^ (2) sXri or (3) nb nGS m md (b) 

suitable dopants, such as boron for p-type doping or P, As or 20 ^.sectional and isometric views, respectively, of a slab 
Sb for n-type doping, to create a lateral p-i-n structure. A waveguide sOI-based structure. In this example, upper 
p-i-n based photodetector can also be formed using appro- silicon waV eguide layer is denoted U slab . The cross- 
pnately positioned contacts (electrodes). For example, an sectional ^ of na 3(fl) ^ mustrateTan exemplary 
undoped absorbing layer of germanium may be disposed tical mode for a si ^ propagating slab wavegu ide 
between a p-type highly doped contact layer and an n-type 25 16 As a result of ^ s^cVon Sickness of silicon slab 
rugWy doped contact layer. When a reverse bias is applied to waveguide 16 m evanescent tail of the optical mode 
the photodetector, the depletion region width increases, extends 5eyond wavegu i de i aye r 16^, making the mode 
reducing the transit time of earners. Hie optical mode sensitive t0 both t surface 17 ^ bottom surface 19 
propagating in the silicon waveguide of the SOI structure of wavegu ide layer 16 slab . Advantageously, a poly- 
creates electron-hole pairs when mteractmg with the poly- 30 germanium detector may be disposed over top surface 17 of 
germamum region. Hie electron-hole pairs are collected by waveguide i ayer 16^ to capture that portion of the optical 
the appropnately positioned electrodes. The collection effi- mode extendmg abo ve top surface 17 of layer 16. 
ciency depends upon the distance between the two mGS 4(fl) ^ {b) mustrate m exernplaiy photodetector 
electrodes, as well as the quality of the poly-germanium of ^ ^ ^ used ^ a slab waveguide> 

m n * 35 where a poly-germanium layer 18 is disposed on top surface 

The generation of electron-hole pairs is oirectly related to 17 0 f me SOI-based structure 10 of FIG. 3. Also with 

the absorption of light, since every absorbed photon gener- reference to FIG. 2, it is shown clearly in FIG. 4(a) that the 

ates one electron-hole pair. The optical generation rate g OP optical mode is coupled into poly-germanium layer 18, 

is given by: allowing for absorption to take place. As shown, a pair of 

40 electrical contacts 20 t and 20 2 are formed along opposing 
gep = ( aPi » x \ sides of layer 18, where the amount of absorption will be 
* ^ controlled by the length of layer 18 along the lateral dimen- 
sion of structure 10. In one arrangement not illustrated, an 
where A is the illuminated area of the photodiode, is the anay of such detectors can be formed upon the same 
incident power, a is the absorption coefficient, h is Planck's 45 waveguide layer 16 slab and used to absorb different wave- 
constant, c is the velocity of light in a vacuum, and X is the lengths propagating along the same layer 16 slab (such as, for 
wavelength of light. As an example, using a poly- example, in a wavelength division multiplexed (WDM) 
germanium detector having the dimensions of 1 umxlO communication system). 

umx0.2 um, if an input light signal at h=l.55 um and power ^ il is desired to electrically isolate the detector from 

of 1 uW is absorbed into the detector, then the number of 50 silicon waveguide layer 16,^, a dielectric layer 22 (such as, 

electron-hole pairs generated in the volume of the detector for example, SiOj) may be disposed to cover top surface 17 

is equal to about 8xl0 13 cm" 3 . Therefore, the thermally or " waveguide layer 16 slab . FIGS. 5(a) and (b) illustrate a 

generated electron-hole pair concentration equals about 20. cross-sectional view and isometric view, respectively, of 

Due to the tight confinement of light, a significant amount of sucn a structure. In most cases, this layer may be grown over 

power is delivered to the poly-germanium detector, resulting 55 ^e underlying silicon waveguide layer 16 slab . Alternatively, 

in at least two orders of magnitude more electron-hole pairs laver 22 mav °e deposited. It has been found useful to 

compared to thermal generation. include a dielectric layer 22 in the photodetector structure of 

Assuming all electron-hole pairs generated contribute to me present invention to simplify the process integration of 

the photocurrent, the photocurrent can be given by the introducing the poly-germanium detector layer 18 with the 

following integral: 60 silicon waveguide layer 16. 

FIGS. 6(a) and (b) contain a cross-sectional and isometric 

rview, respectively, of a strip waveguide SOI-based structure. 

8°p dx In this example, upper silicon strip waveguide layer is 

denoted 16 strip . The cross-sectional view of FIG. 6(a) also 
65 illustrates an exemplary optical mode for a signal propagat- 
where d is the thickness of the undoped region (which ing along strip waveguide 16 suif> . As a result of the sub- 
depletes), q is the electronic charge, and the integration is micron thickness and width of silicon strip waveguide 



